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A. PROJECT INFORMATION: 




« 
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BUILOINQ: Existing office warehouse built in 1969. Structure is steel Butler 
Building with masonry front, 

CUMATIC DATA: Latitude 38**. Total annual degree days 4660: for January 
only, 930. Average winter temperature 42®. 

USEFUL HEAT GAIN AVAILABLE FROM COLLECTORS DURING MONTH OF 
JANUARY: 16,120 BTU per square foot. 


B. BUILDING AND PROJECT DESCRIPTION: 

Occupant of building is Rademakor Corporation, Bluegrass Industrial Park, 
Louisville, Kentucky. Building was constructed in 1969. It is a Butter Building with a 
total area of 10,000 square feet. The front portion of the building is office space with 
1080 square feet of ground cover. The front wall of the office is brick veneer with 
relatively large glass area. The solar heating system described herein is for space 
heating and for heating domestic hot water. Two systems are employed, one is a 
liquid healing system employing ethylene glycol through six collectors of 40 square 
feet each inclined at 53®, facing south. The second system is an air collector system 
employing ten panels of 19'.. square feet each inclined at 33®, facing south. The 
liquid system uses a 560 gallon water tank for storage. The air system uses 110 cubic 
feel of one inch diameter washed river gravel for storage. 

The auxiliary energy employed to heat the building is natural gas. The solar 
heating system is in fact a retrofit to the gas heating system which was installed in 
the building during its original construction. 
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TNf liquid tystum employs a heat exchanger built into the hot water storage 
tank which allows ethylene glycol to pump through the collectors when solar 
radiation is available introducing heat to the stored water, A pump is provided in the 
stored water loop which will pump water f rom the storage tank to the hot water coils 
ofeither of two air handlers when heat is demanded in the space. Control valves in 
each of the hot water coil circuits are operated from thermostats to allow water to 
flow to either or both of the water coils upon demands of their respective 
thermostats. 


Domestic hot water is heated from the glycol circuit by a heat exchanger. The 
motor operated valve in the heat exchanger circuit controls the maximum 
temperature to which the domestic hot water can be heated. 


A preheat glycol coil Is provided in the perimeter office j;one air handler to allow 
the glycol to be passed through the preheat coil to serve as an economizer within the 
glycol circuit allowing the glycol to flow in series from the heat exchanger within the 
storage tank to the preheat coil then back to the collector provided that the storage 
water temperature has reached a predetermined minimum temperature. 


The air collector system employs eight dimrpers, all of which are motor operated 
together with a booster fan to introduce the air to the collectors and/or the rock 
storage bin to the respective air handling system for distribution to the space. 


Return air taken from the space is alluwod to flow through the collectors as long 
as radiant heat is available then through the booster fan and into the respective zone 
requiring heat. If no zones demand heal, the clampers position themselves to allow 
flow from the collector through the rock storage thus charging the rock storage with 
heat. When heat is not available at the collectors, but is present in the rock storage 
and is demanded by the space, the boostc'r Ian will draw air, countorflow, from the 
rock storage bin and pass it Into the respeciiv<! zone demanding heat. If excess heat 
exists and if heat Is demanded in tire warehouse, heat will be passed from the 
collectors or from the rock storage bin mio the waielrouso provided that no heat is 
demanded within the office space. 
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SEG^JEHCE Of OPE H UTtOH FOR SOtAH STStEH, H A OEtUtER CQRPPRATtPH 

A. UQUI3 COlL fc C TQft^S rST EW: 

Hheri the natter liquid coVtector $qUr fa^et twitch 1$ placed In the ^Automatic* 
potIUpn (Switch S-IK the dlfrereetial theroottat T«ii will at^ow pperatUn ef the slycel 
puap through the acttan of Relay R*Pu> R-PS hap a IS tecond tine delay off cycle to 
prevent fluttering of che ^lytol puno If the solid tute circuit wlt^tin T-a should flutter 
poaentartly. Radiation seating thercoitat T-3A under the collector panel near the top of 
a typICAl collector surface operates with thernostat T-S-B In the storage tant sensing 
average water tenperature of the tant ;o allow operation of the glycol panp when the 
radiation tesperature Is greater than the tant temperature. The dpnestlc hot water solar 
heat switch, S*?, when placed in the *Auton»tlc* position will allow Its punp P-3 to operate 
at the sane tine P>l operates through Relay jt-tlf, Blfferentlal thernostat T*lt has one 
elcneiit T-'ll'-A located on the glycol line leaving the collectors, and Its auxiliary element 
T*1I*^ Is cn the hotton of the domestic hot water heater. A hlgVIlnlt safety thernostat 
T-1t«C strapped onto the center of the tant under the Insulation of the tank allows Pump 
P-3 to stop If the tcnperatafn should exceed ISO' on the tank surface, Hhen relay R-OW 
ts energlted, frie valve V-| opens to allow glycol to Mew through the heat exchanger 
serving the dcapstlc hoe water circuit. 

The roao thernostat serving tee exterior tone designated is T*a Is a two stage 
heat*tme stage cool thernostat. The first stage of heat on this thermostat will eherglte 
Relay R>*l. Uhoo Relay R>1 is eoergited and providing Switch S-3 1$ In the 'Autoeattc" 
position (main office heat from liquid tolar syttea switch), hot water valve V-3 will open 
to preheat coll after the glycol bat already parsed through thp heat exchanger In Che tank. 
(This serves as an eccnoaizcr to extract more teat fren the collector Oy Increasing the 
efficiency of the collector.) A theroostat T-4 sensing the return glycol leaperature from 
the hot water heat exchanger will notf however, let this valve open unless the water coning 
back it above ISO*. 

The hot water ptmp P-2 which distributes water In the hot w>iter heating system 
Iron tho storage tank will be energized at any tine Relay Ax is energized Indicating a 
demand for heat at either zone and provided that the teicperature of the water In the top 
of the ocorage tank as sensed by thempstat T-7 U above 65'* (indicating that heat Is 
available to be distributed to the hot water colls). A switch on the panel (S-al allows 
the drafting roco air handling unit to crerate frbo the liquid tolar heating syitoct. 
Thermottat T-IB In the drafting robn wslt onon Ertc valve tf-3 allowing hot water flew 
through the fan coil unit*s toil whenever heat is deoaetdad in the space. At the sace tics, 
the fan will be allowed to operate provided that the water puro P-2 is running as later- 
locked through relay Rny. Relay fit will energize Also which serves as the interlduk relay 
for Funp P-2, Refer to sehociatlc wir*rg d»»gran for Interlock circuit detail. 


It should be pointed out that a second stage of heat demanded by the room thermostat 
T-S it the perimeter office will allow the gas heat to be energized to bring the space up to 


B. , A1 B C fllLECTOR SYSTEil; 

The master switch for the air collector solar heat system Is marked SA-U Placing 
this Switch in the *AutoBat1c* position allows the differential thermostat t-1 to cycle Relay 
K-AF when the solar radiation Input as sensed by thermostat TA-IA is greater than the temp- 
erature at the bottom of the rock storage box as sensed by TA*1R* Switch SA-2 on the control 
panel when placed In the *Avtonat1c" position allows the Interior office zone to have heat 
Introduced from the air solar system provided its rosm thermostat Is calling for heat which 
In turn would energize Relay Rft-7. Relay RA-7 will open damper f7 and will illctr starting of 
fan Ff1 which will introduce heat directly from the solar collector system to the interior 
zone provided relay !R*RF is energiicd. If not. it hill Introduce teat from the rock stonga 
stack assuming that thermostat TR-3 Indicates a teeperature of at least 85" at the top of the 
rock storage stack, If heat does not exist from either source, fan 'F-l will not operate* 
Switch 8A-3 when placed In the "Automatic* position allows heat to enter the main nfflce 
perimeter zone from the *tr solar heat system whenever Thermostat T-S calls for first stage 
of heat through Interlock of a pole of relay R-1, The normally closed contact of relay RA-7 
Is in series with the circuit to prevent relay RA-t from energteing if the Interior zone 
theraostat Is calling for heat (this gives the Interior zone precedence on getting heat 
from the air collector system). Vhen relay RA-1 1$ energized, Bamper fl opens. 

Switch SA«4 when placed in the "Automatic* position allows heat to he introduced 
to the wireliouse from the air solar heat system providing the room thermostat TA-6 Serving 
the warehouse zone indicates the demand for heat and further provided that RA-7 and RA-B 
relays are not energized Indicating a demand for heat In either of the office zones* During 
the "Automatic" operation, the relay RA-5 upon demand of heit for TA-D will open dampers IS 
I and fG. 

The dampers which control heat selection from rock storage or from collectors are 
controlled from Relay R-AF. [f R*AF Is energized Indicating the collectors have heat 
available, darjpir <2 -will be opened and Damper v3 will be closed. If R-AF is not energized, 
damper 42 hMi be closed end damper ^3 will open to allow heat to come from the rock storage 
stack. Relay RA-d will bo energizeij to allow opening of Damper any time tbe solar collect- 
□fc have beat available and provided that none of the three zones arc demanding heat. 

A soocer vent switch narked £A-S with Indications for ^Aotomatlc-Sumner* will allow 
systea to work fully automatically as described above when olaced in the "Automatic* pos1tfo^ 
sjhen placed In the *’Sanaer* pesUlon. however, ret*y RA-B will to energized allowing heat to 
vent put the stack to outdoors at the sane time Relay RA-S will be energized allowing dampers 
v5 and to open which provides a natural draft fron the warehouse throU!}h the collectors, 
thereby, keep log the collectors reascnal.v cool in the sucrertlee. 

Ptlct lights are provided on the panel to indicate mhseb dampers are opened and to 
Indicate when fan F-1 !s running, vhen each of the three pust;;$ Is rosnlng. and when the fan 
serving tho drafting resa is rutnlng- 

CTjox^rjCic. jCef.re. 
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DATA ACQUISITION SYSTEM 
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DESCRIPTION OF DATA ACQUISITION SYSTEM 


In order to obtain information necessary for evaluation of the performance 
and operation of the solar heating system throughout the year, 47 sensors 
were installed within the system. These sensors were furnished by the 
government and installed at government expense in accordance with the 
document, "SHC-1006, August 4, 1976; Instrumentation Installation Guidelines 
for the National Solar Heating and Cooling Demonstration Program." 

Table I schematic reflects the specific location of each of the sensors. 

In Table 2. each sensor is described in terms of general location, and the 
parameter that is being measured. Each sensor is listed by an alpha*numeric 
code designation. The code designation indicates the following: 


Letter Designations 


C ■ Specific Heat 

PD • 

Pressure Differential 

D ■ Direction or Position 

Q • 

Thermal Energy 

EE ■ Electrical Energy 

RH ■ 

Relative Humidity 

EP « Electrical Power 

SM » 

Special Measurement 

• 

F ■ Fuel Flow Rate 

T * 

Temperature 

HF » Heat Flow Meter 

TD * 

Differential Temperature 

1 « ' Incident Solar Flux (Insolation) 

V ■ 

Velocity 

N ■ Performance Efficiency or 
Effectiveness 

W * 

Heat Transport Meditim 
Flow Rate 

- 

^ • Pressure 

TI ■ 

Time 


is 


Number Sequence 


Data Group 


001 to 099 
100 to 199 
200 to 299 
300 to 399 
400 to 499 
500 to 599 
600 to 699 

Each sensor provides data tu a Site Data Acquisition Subsystem (SDAS) every 
5 minutes around the clock. The SDAS digitizes the data and stores it on 
tape. Once a day the data is sent by telephone to an IBM facility in 
Huntsville, Alabaiiia, where it is reduced. Monthly reports are prepared, 
one of which is sent to Radeniaker Corporation. 

The monitoring system will |>ermit the government to determine the following 
kinds of inforniation: 

o Savings in conventional energy resulting from the use of solar 
energy for heating. 

o Portion of the total he.iiing load supplied by the solar energy. 

o Efficiency of the system in converting solar radiation into useful 
thermal energy. 

o Thermal performar.ee and reli.ibility of m.ijor subsystems or com- 
ponents over the demonstration period. 


dim atological 
collector 
thermal storage 
domestic hot water 
space heating 
space cooling 
building/ load 
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INSTRUMENTATION PROGRAM AND COMPONENTS LIST: RADEMAKER CORP. 
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SECTION IV 

acceptance test 
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ACCEPTANCE TEST PLAN II 
FOR 

SOLAR HEAT I NG SYST EM 
RA DEMAKER COR POR ATION 
LOUISVILLE. K ENTUCKY 

Performed 7/3/78 
by 

Thomas Empson and Harry Sladen 
of 

Rademaker Corporation 

A. LIQUID COLLECTOR SYSTEM (Refer to Drawings 76-?41-2 and 76-241-4) 

1. Place the master liquid solar heat switch into the "Automatic" 
position. Note water temperature below center of tank at point 
where sensor TL-8B is located. Hawthorne controller TL-8A 
should allow cycleing of the glycol pump, provided collector 
sensing element is 15® higher than tank sensing element temper- 
ature. Check this in early morning prior to the time when col- 
lectors are warm and glycol pump should be off. When unit 
cycles on, note wc 'r temj>eratures entering tank heat exchanger 
and see if unit cycles off as glycol temperature exceeds tank 
temperature. If it does, this circuit is not performing satis- 
factorily. 

2. Place the main office heat switch in tne "Automatic" position. 
Raise the setting of the room thermostat in the perimeter /one. 
The valve serving the water coil for this /one (V2) should open 
at the same time the hot water circulating pump (P2) should 
start. Valve V4 in the glycol circuit serving the preheat coil 
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Check 
Co1 umn 








for the perimeter zone should also open, provided the bulb 
thermostat TL-4 In the return glycol line is sensing above 
125*. If the stat is not causing this valve to open, drop 
the setting of TL-4 to assure that the electric circuit is 
functioning correctly and will allow the glycol valve to 
open when the return glycol temperature is acceptably warm. 

3. Place the drafting room unit heating switch in the “Automatic" 
position. Thermostat T-10 in the Drafting Room, if raised 
above room temperature, should allow the valve (V-3) to open 
and pump P-2 to start at the same time. Likewise, the fan 
should start at the same time, allowing heat from the unit 

to the Drafting Room. 

4. Take the temperature of the water in the domestic hot water 
storage tank. Preferable check-out should occur when the 
water tank is approximately room temperature and when the 
glycol temperature is above 120*. This would then allow the 
domestic hot water differential control (TL-11) to cycle the 
domestic hot water pump (P-3) and, at the same time, to open 
the domestic hot water glycol valve (V-1) to allow introduc- 
tion of heat to the heat exchanger serving the domestic hot 
water from the glycol circuit. Observe the temperature of 
the water in the storage tank and, as it ri*^*s above the 
glycol circuit temperature, it should shui off the glycol 
valve (V-1) and stop the domestic hot water circulating 
pump (P-3). 


Check 
Col u"~n 

oc. 
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5. Note the Lapse Time Meter for Pumps P-1, P-2, and P-3, and 
the pilot lights for the three pumps and Drafting Room fan. 
Note to see If these function at the same time as the respec 
tive piece of equipment Is energized. 


Check 

Column 




6. Place the office perimeter zone gas heat switch In the "Auto- 
matic" po‘‘^t1on and raise the heating thermostat In the peri- 
meter office zone. This should cause gas heat to come on to 
supplement the solar heating system. Both solar and gas can 
work together. 


€f/L 


7. Place each of the respective system mode switches In the "Off" 
position and see If the respective system shuts down accord- 
ingly. Follow-up by placing the master liquid solar heat switcl 
to the "Off" position and all respective switches associates 
with the liquid solar heating system should shut down, including 
the glycol pump. 






B. AIR COLLECTOR SYSTEM 


1. Place the master switch SA-1 In the "Automatic" position. This 
should allow the fan to start if the temperature sensed by the 
thermostat on the hot air collector (TA-IA) is 20® greater than 
the temperature at the bottom of the rock storage box, as sensec 
by TA-IB. Assuming that the respective system svntches are all 
In 1:iie "Off" position and the summer override switch Is in the 
"Automatic" position, and provided heat exists at the hot air 
collector. Damper H should be opened and Damper #3 should be 
opened, with all others being closed. This allows the fan to 
charge the rock storage with heat from the collectors. 
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2. Place the interior office heating switch to the "Automatic" 
position and adjust the thermostat from this zone (TA-2) to 
call for heat. This should close Damper #4 and open Damper 
#7 which allows the introduction of heat to the interior zone. 
See Damper Schedule for ease of determination of respective 
damper position. This schedule is on Drawing 76-241-2. 

3. Reposition the interior office switch to the "Off" position 
and place the main office heat (perimeter zone) to the "Auto- 
matic" position. Raise the setting of the room thermostat 
serving the perimeter zone (thermostat TL-5). This should 
allow Damper #1 to open. It should be noted at this point 
that if the collectors are putting out heat as previously 
described. Damper #2 will be opened. Damper 43 will be closed 
under this situation. However, if the collectors are not 
warm and if the rock storage has heat within it as sensed by 
Thermostat TA-3, Damper #3 will be opened and Damper #2 will 
be closed, allowing heat to be introduced from the rock 
storage. Again, refor to the Damper Schedule and see if the 
dampers are in the proper position. 

4. Now, with all air system switches in the "Off" position (ex- 
cept the warehouse zone), place this one in the "Automatic" 
position. Damper #5 should open to allow heat to enter the 
warehouse, provided the room thermostat in the warehouse 
(TA-6) is calling for heat. Again, check the Damper Schedule 
to assure that all dampers are assuming their proper position. 


Check 
tol umn 


oJt 

Fh A. 
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It is necessary to check each of the zone operations with the 
hot air collector in operation during the day and, likewise, 
during the period when no heat is available in the collectors 
and heat is already stored in the rock storage. Under each 
situation, the Damper Schedule should be carefully noted. 
Likewise, the pilot lights should be observed for each respec- 
tive damper and the fan to determine if the pilot lights are 
giving a -rue indication of the operating mode. Also, note 
the Lapse Time Meter which operates when the fan is in ooera- 
tion to determine the number of hours used correctly. 

5. Place the summer override switch in the "Summer" position and 
check to see if dampers have assu->?J the positions indicated 
in the Damper Schedule, namely, that Damper #8 is opened al- 
lowing venting by gravity without the fan operation. 


/)cA. OC. 








6. During the checking of each damper sequence, the exact travel O/C. 

of each of the dampers should be observed to assure that tight ^ f 

shut-off is accomplished and that full opening is accomplished 
by each respective damper motor. This will prevent overheating 

f\S mw ♦a ^Wa 14AI.-.AA A1..A Afc.AAl* ^ An.A A Mk A^ 


of any single zone to the linkage. Also, check temperatures of 
air being introduced to qach respective zone to get a general 
idea of the output capability of the collectors and/or the rock 
storage system as relates to that respective zone. 




OAC 


7. Generally observe the system to assure that heat is not being 
dissipated from the system to the outdoors through the collecto's. 
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Check 
Col umn 


This can be noted easily by watching the temperature of the 
air at the fan discharge when it is drawing from the collec- 
tors. If, at any time, the temperature drops below the tem- 
perature in the rock storage, which is usually ambient tem- 
perature (approximately 70-75® ), then the system is dissi- 
pating heat instead of collecting it. The probable cause of 
this would be an inoperative or miscalibrated differential 
temperature control. A similar check should be made by ob- 
serving the differential control function for the glycol loop 
with the reference temperature being the temperature of the 
water at the lower quarter of the tank. It should be noted 
that the glycol pump may occasionally stop, whereas the air 
system will continue to function. The reason for this is ti|at 
the water storage temperature may have raised to a point where 
the glycol loop would be dissipating heat instead of absorbing 
it, whereas it is not likely to happen on the air system be- 
cause the ambient condition of the rock near the bottom of 
the rock stack will seldom rise above 75°. This is due to the 
residual effect of the rock as it absorbs heat at the top of 
the stack and offers wide gradient between top and bottom, 
whereas the water temperature tends to be somewhat more even 
from bottom to top. 
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ACCEPTANCE TEST PLAN #2 
FOR 

mAR HEATING SYSTEM 
R^EMAKER CORPORATION 
LOUISVILLE, KENTUCKY 


This test plan was developed to evaluate the instrumentation in both solar 
heating systems at the Rademaker Corporation installation. These tests 
will be coincident with at least two Site Data Acquisition Subsystem (SOAS) 
scans (640 seconds) to permit the recording of measurements under essen- 
tially steady-state conditions. 

Time 

Accompl ished 

July 4. 1978 

I. Air Collector Solar Energy Heating System Tests 

A. Solar energy available at collectors (TA-IA, IB) 

1. De-activate both solar heating systems including air 
handling unit (AHU) fans as well as all load switches 


and thermostats. 8:10 j.m. 

2. Activate AHU fan for interior zone (F-4). 8:20 a.m. 

3. Activate AHU fan for perimeter zone (F-3). 8:30 a.m. 

4. Activate air collector solar heating system (SA-1). 8:40 a.m. 

5. Demand heat by warehouse (SA-4, TA-6). 8:50 a.m. 

6. Demand first stage heat by ^lerimeter zone (SA-3, f-5) 9:00 a.m. 

7. Demand heat by interior zone (SA-2, TA- ). 


B. Solar energy available only in storage (TA-3). 

1. De-activate both solar heating systems including air 
handling unit (AHU) fans as well as all load switches 

and thermostats. 9:20 a.m. 

2. Activate AHU fan for interior zone (F-4). 9:30 a.m. 

3. Activate AHU fan for perinteter zone (F-3). 9:40 a.m. 

4. Activate air collector solar heating system (SA-1). 9:50 a.m. 
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Time 

Acc ompl ished 

5. Demand heat by warehouse (SA-4, TA-6). TO^rOO a.m. 

6. Demand first stage heat by perimeter zone (SA-3, T-5). 10:00 a.m. 


7. Demand heat by interior zone (Sa-2, TA- ). 


10:20 a.m. 


C. Solar energy not available. 

1. De-activate both solar heating systems includiiig air 
handling unit (AHU) fans as well as all load switches 
and thermostats. 

2. Activate AHU fan for interior zone (F-4). 

3. Activate AHU fan for perimeter zone (F-3). 

4. Activate air collector solar heating system (SA-1). 

5. Demand heat by warehouse (SA-4, TA-6). 

6. Demand fir^t stage heat by perimeter zone (SA-3, T-5) 

7. Demand heat by interior zone (SA-2, TA- ). 

8. Demand second stage heat by perimeter zone(SA-3, T-5) 


10:30 a.m. 
10:40 a.m. 
10:50 a.m. 
11 :00 a.m. 
11:10 a.m. 
11:20 a.m. 
11:30 a.m. 


II. Liquid Collector Solar Energy Heating System Tests 

A. Colar energy available at collectors (T-8A, 88). 

1. De-activate both solar heating systems including 
AHU fans as well as all load switches A thermostats. 

2. Activate liquid collector solar heating system and 
AHU fan for perimeter zone (S-1). 

B. Solar energy available only in storage (T-7). 

1. Demand first stage heat by perimeter zone (S-3, T-5). 

2. Demand heat by drafting room (S-4, T-10). 

C. Solar energy not available. 

1. Demand heat by drafting room. 


1 1 :40 a.m. 
1 1 :50 a.m. 

12:30 p.m. 
12:10 p.m. 

12:20 p.m. 
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Time 

Accomplishe d 

2. Demand first stage heat by perimeter zone (S-3, T-5) 12:30 p.m. 

3. Demand second stage heat by perlmeier zone (S-3, T-5). 12:40 p.m. 

TEST FINISHED 12:50 p.m. 


^Numbers In parentheses refer to designations of switches and thermostats. 
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July 19. 1977 


Kiidt*mAkt‘r Corporat ion 
?400 Krttirrson 7 mil 
louisvillr. Mtitoiky 

Attention: Mr. Kittmrd W. R.idnn<ikor 

kefemu e: Our To lei on of .lui.v 19. 1977 
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INTERIM PERFORMANCE CRITERIA CERTIFICATION 
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Auvist 27, 1575 


SolT'c ‘ Atei^nration 

ueorge L. fiarshail Space rnght Conier 

iiarshall Space Flight Center, Alabai-ra CCG"!? 
Attention: Mr. Thomas Cayicison, FA33 
Subject; Contract £ (<-9-l£) 2335 
Gentleman: 

your latter o? - -- r- 
letter as our letter of cart:-" ""■>- • tTt „ 

the Interim Parformar.ee Cr: ;oriaT;.e •'e”e-^ 

Yours vary treiv 
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INTERIM PERrORW.NC- CRITSriLA. 
CERTIFICATION 


DEMONSTRATION CONTRACTOR Rademaker Corporation 


SYSTEM LOCATION Louisvilla, K :nt’-c!<y 


SYSTEM TYPE 


Space Heating and 0c.“3stic Hot t.'atar Hoatir... 


■CERTIFIED DY 


* 


R. W. Rad 


Ajruii t 2o t 1 97o 
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UPDATED KEY INFORMATION FROM ORIGINAL PROPOSAL 
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UPDATED KEY INF ORMATI ON FROM OR IGINAL PROPOSAL 


One of the primary alms of the Installation was to determine the comparative 
results of the air system versus the liquid system operating under a similar 
environment. Since the system has currently been operating through two winters, 
a considerable amount of Information has become available to the writer as a 
result of observation even without detailed Information from the monitoring sys- 
tem. First of all, there Is relatively little difference In the apparent per- 
formance of the air system and the liquid system due to their variation In tilt 
angle. It appears that the air system responds more readily to the diffuse 
radiation situation which Is partly because It Is oriented more flatly and, 
secondarily, because It Is operating with respect to a lower reference tempera- 
ture. 

Experiments have been conducted using a reflector on one of the collectors which 
Is very easy to see on the photographs accompanying this presentation. It Is 
apparent that during clear days (heavy direct insolation), the reflector has a 
significant added benefit during sunnier cycle of operation with temperatures 
being as much as 20* higher with the same flow. The system was Installed with 
separate circuits from each respective collector so that results such as this 
could be easily obtained. 

It was thought when the system was designed that the glycol preheat coll would 
serve considerable value for extracting the maximum heat from the liquid system. 
In actual practice, however. It Is observed that the heat fixim the glycol Is 
extracted within the tank due to the fact that the demands upon the system are 
always heavy with respect to the Insolation. In other words, the heat Is being 
demanded as fast as It can be absorbed by the collectors. The temperature of 
the glycol relatively always stays below the 120* temperature which was set as 
the point at which glycol could pass through the preheat coll prior to reentering 
the collector loop. When It Is allowed to enter this preheat coll at a lower 
temperature. It drops the whole temperature threshhold of the storage and thereby 
merits nothing to the system. 

It should further be noted that additional surface was added to the heat ex- 
changer within the storage tank after the system had been placed in operation 
the flr^t year since It was obvious that heat transfer was not sufficient during 
static conditions. 
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MAJOR MAINTEN ANCE AND WN^TWCHON ENCOUNTERED AND RECO MMENDATIO NS 

Generally, there were some problems encountei'ed and they are listed herein. 

1. Glazing Problem 

The Kalwall applied to the SDI collectors degraded rather heavily during 
the first sunwer and winter. It was replaced In the early summer of 1977 
and went through the second winter with considerable Improvement. Apparently, 
the Kalwall Prelum II Is better than the original Kalwall. Likewise, the 
glazing on the Solaron collectors showed a white deposit between the layers 
of glass after the first winter of operation. This glazing was replaced In 
9 of the 10 panels at the same time the above mentioned glazing was replaced. 
The new glazing appears to have less of a problem, however, some evidence of 
white deposits has reoccurred after about 14 months. The condensation be- 
tween the layers of glass has not been eliminated. The writer has concluded 
that It Is very nearly Impossible to eliminate this problem, no matter how 
carefully the Instructions of the manufacturer are followed. 

2. Insulation 


The Armaflex Insulation used on the outside of the building tended to stiffen 
up and show considerable degrading during the first summer and winter. During 
the Sumner of 1977, the Armaflex was coveted with a fiberglass Insulation and 
then the complete Insulation package was covered with a plastic material and 
sealed at all joints. Likewise, cans woie placed over the edges of the Insu- 
lation to assure that no water could get through to reduce the value of the 
Insulation. The net result was considerable gain during the next winter's 
operation. The recommendation of the writer would be not to use Armaflex 
outdoors. It works quite satisfactorl ly Indoors. The manufacturer's paint 
applied to that which was outdoors did not appear to make much difference. 

The degrading still occurred. 

3. Conjure Is 

Problems occur?'ed with the differential temperature control devices which are 
- manufactured by Hawthorne. The units originally Installed tended to stutter 
upon start-up and shut-down causing the fans and pumps respectively to chatter 
at start-up and shut-down. This was solved by the Introduction of time-delay 
relays In the circuits. Likewise, the nwnufacturer sent replacenient units 
which still seemed to have the same problem occasional ly. Time-delay relays 
are recommended to eliminate this occurrence. 

4 . Glycol 

A freeze-up with 20X glycol soluclon used temporarily during the first winter 
proved to be evidence that It is desirable to use a greater percentage of 
glycol. 40t glycol solut1o;i is reconriendod for this part of the country. The 
problem did not occur duo to pH>es bursting as a result of freezing, but. 
Instead, failure of the liquid to flow through the pipes even though the sun 
had Increased the te«»'^^e nature of the liquid at the collectors to the point 


oO 


4. Glycol (continued) 


where it would melt below the slush point. Failure of the liquid to flow 
caused glycol to be ejected through a gasket in one of the motorized valves 
due to increased pressure when the relief valve was isolated due to the 
presence of slush. No problem has occurred with respect to this since the 
40X glycol was installed prior to the second winter. 

5. Maintenance 

Practically no maintenanc problems have occurred with either of the systems 
other than those items outMned above. Generally, the air system is shut 
down during the sumnertime since the slight leakage of the dampers entering 
each of the two air handling systems causes an added load to the air condi- 
tioning system. This leakage does not seem to be a problem during the winter, 
however, the writer does intend to replace the damper #1 serving the outer 
zone since that leakage is more evident and the use of a tighter seal damper 
will make the job a better one. 
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SOLARON 

CORPORATION 


Solar AIR heating systems produce more usable energy 
than liquid solar systems /Vt independent test of side by 
side air and liquid solar systems at Colorado State 
University states ‘ tht air syslam operated 4S 
percent longer during die day than the liquid system and 
collected 38 percent more heat This is a consequence 
of strabfied heat storage m the pebble bed for the air 
system and nearly uniform temperature in the water 
storage tank of the liquid system This is descnbed in 
terms of the solar system performance equation on page 
four oftf is brochure. 

The SOLARON AJR COLLECTOR eRert the lollowini 
advantaiies: 

• 10 Ye«T performance warranty 

• Safe, reliable and virtually maintenance-free operation 

• Freedom frcm damage by freezing or boiling 

• Absence of pipes which can corrode and leak 

• Requires no antifreeze or stagnation pressure rekef 
controls 

• Approved by HUO and ERDA for Federally funded 

protects I 

MR— MANUFACTURER I' 

Soiaron s business is the practical application of solar I 

energy We design, manufacture and market solar heahng i \ 

systems for industnal. commeraal. agncultural process t 

drying and residential buildings The heart of our system is 
the air type solar collector, a design based on over 30 
years research and development by Or George Lbf 
To contact the nearest Soiaron dealer, call the SWEETS 
BUYLINE 

Design Assistance; Soiaron has a complete design manual 
covering all aspects of solar system engmeenng 
architectural requirements and economics Contact 
Soiaron tor a copy of the design manual Experienced and 
technical personnel are available to assist on any special 
applications 







PP-PRODUCT PRESENTATION 


The Solar Air Heating Systenn 


The Solaron solar heating system is marketed 
throughout th^ U S. by local distributors and dealers 
who are well established in the HVAC industry The 
Solaron distributors maintain a complete stock of 
Solaron equipment The distributors, who also handle 
maior brands of heating and air conditioning 
equipment, work with dealers who are HVAC installing 
contractors The Solaron dealers are established and 
reliable contractors who are familiar with installing 
heating equipment and associated ductwork Both the 
distributors and dealers are thoroughly trained by 


Solaron in all aspects of solar heating, design, 
equipment application and installation. Solaron 
engineers and field servicemen support the uistributors 
and dealers as required, and provide on site assistance 

The Solaron collector, air handler and controller 
and necessary ductwork is installed by the HVAC 
contractor. The general contractor usually builds the 
heat storage container The system is then tested 
through aii of the operating modes and thoroughly 
checked for proper operation. 
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OP— OVERALL PRODUCT. IN PLACE 
SYSTEM OPERATION 


TYPICAL COLLECTOR ARRAYS 


Sou< CMkcion 


I Sitttic Pr«si Drop 

! A A e e ^ A 


HEATED SPACE 


HEATED SPACE 


Domestic 

Meter 

Air Mendiff 




Return 


The "olaron Paneii 
can be Troupad 
togethor shown 


1 Aujmary He^ng 

^ HEAT STORAtiE UNIT The heel 
stratlttcalNw provides a good supply 
V,.. 4 air temperature to heat the budding 

HEATING FROM STORAGi At night or on cloudy days 
when solar energy is unavailable and when heat is needed 
in the space, the automata control system directs the 
building return air Into the bottom of the heat storage unit, 
up through the pebbles where the air ia .teaied through 
the air handling unit and into the space When the solar 
heated air does not maintain the space thermostat setbng 
the automatic control turns on the auxjhary heater to add to 
the required heat 


Auxihsry Heating 


HEATING FROM COLLECTOR Air, the circulating heat 
transfer medium is drawn through the collector where It is 
normally heated to about 120-150^ When the space re- 
quires heat the solar heated air is drawn through the air 
hindling unit In which motorized dampers are au- 
tomatically opened to direct the hot air to the space The 
air then returns to the collector where it is again heated and 
the cycle repeats itself 


Osnotes 

Airtlott 


ThsNittmal 
msrulolOng 
tnnSoleron 
hespwmts 
eviernsl dud 
connKbons 
as shown 


Domesbc 

WMsrCod 

Air Handler 


Domesbc 
water Cod 
Air Handler 


Denotes Atrilow 


I I . HEAT STORAGE UMT The heet stratifies 

I t J letherediie HOTontoe— COLD 

cnbonomi This Mows epbmum collector 
afticiency since INLET temperature « low 

STORING HEAT When the space temperature is sabsfied 
the automatic control system diverts the air mto the heat 
storage unit where the heat Is absortsd by the pebble bed 
The air ri^ms to the collector where it is heated and this 
cycle IS repeated 


SUMMER WATER HEATING In the summer, when space 
neating is not required, air is drawn through the collector 
where it is heated and then through the water heat 
exchanger coil The solar heated air transfers its heat to the 
water which ii being circulated through the coil and the air 
is then returned back to the collector inlet 


rci (KTini 
Duct Connocbon 
Ca 2 CF(WFP< 3 CFM/n») 


SOLARON DOMESTIC WATER HEATING SYSTEM 


The Solaron Domestic Water Heater System involves a very simple 
operabng cycle Solar energy is collected by the south facing collector 1 
Air is arculated by the heat exchange unit 2 where the solar energy is 
transferred to the water being preuiated by the domestic water circulating 
pump 9 Solar heated water is continuously circulated into the storage 
tank 3 as long as the Solaron control unit indicates that solar energy is 
available at the collectors 1 and until tank temperature In the storage 
tank 3 reaches 160 degrees F When hot water is required water is drawn 
from the conventional domestic hot water heater 4 and preheated wa 
ter is drawn from the storage tank 3 into the conventional domestic water 
heater 


Tht SoUron System um 
•MO hMi water and therefore 
ebnuneles problems ol freezing 
boeing leaking and corroeton 
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OP UVk» AIL PRODUCT IN PLACE 


OF POOR 


A drawing of a Ivptcal installation is shown to the left The coHe^ior^ cjn h 
grouped as shv^wn or in anv of the configuiation? shown on page ? Tymcal 
Collector Arrays Due to the Solaron internal manifolding technique fi c ■ flow 
from one panel to another mternally) the ewemal duct connect! u s are mm 
as shown above (i e one mlct and one outlet tor 8 panels. Ib6 ft ■ This 
technique reduces held laOor and leads to an economical installation 


CONTACT SOLARON TO OBlAiN SYSTEM SCHEMATICS SHOWING HOW TO 
COMBINE SOLAR HEATING WITH 

• Heatmg & air conditioning • MaKc up a»f tieating 

• Heat pumps • ►"rocwsiair hig drying 

• V A V systems • Swim poo* watt; htg 

• Multiple rones • Industrial & agiicuftuMt 

• Process water heatng heating 
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The use of pebbles in the heat storage umt is 
parbcularW effective with an air orcuiating soiar 
heating system The pebble bed maintains a steep 
temperature stratihcabon p e hot on top and cold on 
the bottomi This aM=>ws air to be prwKted at the 
highest available tempe.ature to the heated space 
from the top of the pebble bed It also allows air to 
return from the bottom of the bed to the collector at 
essentialN room temperature This ensures 
maximum ethoency ot solar heat collection and 
delivery 

OPTIMUM STORAGE SIZE: 
h 10 S FP Rock por Ft* loeoflor 


i ~ (polfwit* ♦I'rl 

The Solaron ^oLir collector is an advanced 
type of an air heating tut plate coilector Our 
exduH've internal manifolding allows the Solaron 
coWector to be comr*f*-*v moduUr Factory 
priM'i'ieinbied collector panels a»e pkigged into each 
oth:^ with a minimum of ‘nstallabon tirrH* Air inlets 
and outlets are held cut into each collector array as 
required The SoUron S4 ' ir collector is designed tor 
iiistallabon on any structurailv sound surtuce. such 
as a roof wall o? specialty made supports 

The Solaron solar collector has the following 
qenefai ronstruution characteristics 

Absorber ?8 gauge steel w^th porcelain enamel 
coaling 

Glazing Iwo sealed spec ai U>w iron tempered 
glass paruMs wth a Icng k?e EPOM perimeter 
gasKft GUss pLite can be easify removed tor 
service or replacement 

Pan X) gauge steel. h;“v insulated with 3*4' 

fiberglass batt P.unted external surtaces 

Connection Ports Unique flange conhgurabon 
permits tight air seal autorrviticaify as 
modules are installed 

Cap Strip ‘\iinted steel ilesigned to provide weather 
seal between paneis 


Solaron provides a standard 
preassemWed air handifng uoit >r* * o -• 
and motor driven dampers A separate damper 
IS furnished tor mounting m the duct s. - '« m . 
backdratt dampers! 

A ^plcal installation for the an ^ ' L 
near the aux-iary "eater and he It lo ^ 
in the General Svstem Df sc ? ipti.“‘ . . . “ ■ 

aif handler can be mounle^^^ ~ verhe 
honrontaify and with propc. oi c -at or ' 
clearanceto tK:ive ar : ' siein^g ' w ;'ic 
mterlerence 


' ’■ z- ' 

vri of 4 Cocita 


Note STorjgt 
’IS wvd 


The automatictemperatari’ xiv^ioi u sit < 
induded as part ot the Solaro'*- sv stem The 
controtter handles ail ot the o^e^!^onal -‘cs w 
are shown in the schematics page ; T r>? 
controller operates the solar side ot the >tt n .> 
ties into a 2 stage thermostat to provide sola' i 
auxiliary to the space as requi:e*d The stao > 
corrtrpller c.jut modified ^with Solaron n.i-dvvaf 
to combine with heat pumps or other type? . ■ 
auxiliarv heating svsterhs Solaron piov de 
technical assistance to design special contr o iic < 
large protects r speciaf appitcabur^s 


Ol r * Jioo 

0 025 IM ITS 100 

rp Rocn pw rn coawiw 

Tht heat storage unit must be buift and 
installed by the ‘ \al contractor to SkMaron stantlard 
drawings and specifications Contact Solaron tor a 
copy of these specs 
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(ompiMsonolviiritHJS types i>f soMi hralitKj systems c«m only t)«d(^iepMH>«*ilV»Oneefiti»fsi»l.u system isev.ifu.it«l 
over .111 ^lUfv he^tinq svjson ColKN)i efliooMi'y is .m irist.iiifanemis point in time me^simMiienl .mil is not a valid 
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For int’orn\ation on the Solaron Collector Panel Details contact 
Solaron Corporation, 300 Galleria Tower-South, 720 S, Colorado 
Blvd, Denver, CO 80222. 


SOLAR DEVELOPMENT INC. 

4180 WESTROADS DRIVE WEST PALM BEACH. FLORIDA 33407 TEL. 84 3 8935 

SD5 Solar CoiectDr 

Shown for flat roof installation In South Florida. Sloping roofs accommodated by adjusting rear strut length. 



TECHNICAL SPECIFICATIONS 


USES-water heating, space heating, and pool heating 
DIMENSIONS - 4’ X 10’ nominal 

WEIGHT >140 lbs. including roof mounting hardware, 
150 wet 

COLLECTOR PL ATE-.01 2" thick copper 
PIPING - 100 ft. of V4" copper 4V4*’ on centers, 
sinusoidal layout, parallel arrangement available by 
special order 

PIPE/PLATE CONNECTION • collector -plate grooved 
to accept Vi of pipe circumference for excellent heat 
transfer, 100% capillary flow solder bond. 

BOX • extruded aluminum sides, .032" aluminum 
I sheet backing 

; INSULATION -I" polyurethane (closed cell) or tecHnl- 
i foam isocyanurate 

GLAZING - .040” Kalwall Sun-iite PremiumFor double 
glazed northern unit, inner glazing .025” Kalwali 
Sun-lite Premium, outer .040” 

WIND LOADING • designed for 30 lbs. /sq. ft. 

. VARIATIONS • collector can be manufactured In 
various lengths, widths, etc. to meet specific 
requirements 

PERFORMANCE - the SOI collector has been tested 
by Desert Sunshine Exposure Tests, hiC., Black 
Canyon Stage, Arizona using The National Bureau of 
Standards* Test Procedure. SDI has a computer 
program to predict performance under various condi- 
tions based on the results of this testing. Large, 
installations can be designed optimizing tank size 
and number of collectors. 


PUMP & CONTROLLER - for residential domestic 
water-use, pump, controller and check valve are 
mounted in one package. The controller uses two low 
voltage sensors to compare tank temperature to 
collector temperature and Instructs the pump to 
circulate only when energy can be added to the 
•system. 

PUMP - March 809, 1 1 5 VAC or Teel 1 P760 
FLOW - % to 1 g.p.m. depending on piping run. 
Pumps drawing up to 2 amps at 115 VAC may be 
substituted for multiple collectorsystems 
CONTROLLER FEATURES - 

1 . All solid-state industrial grade construction. 

2. Custom aluminum enclosure with “irridited” and 
sealed finish. 

3. Control box may be operated reliably from freezing 
to over 120 degrees Fahrenheit. 

•4. Thermistor sensors will operate from 50 degrees 
below zero to 300 degrees above zero, Fahrenheit. 

5. Sensors isolated from high voltage. .. safe 9 volt 
signal . . no conduit or electrician required. 

6. One year guarantee. 

7. Operating cost less than one cent per 10 hour day, 
including oump. 


Solar Collector with Roof Mounting Hardware 
Pricing* (F.O.B. West Palm Beach) * single glazed - 

double glazed 

Solar Water Heating System 

(same as above plus pump, controller and check valve) 
* In the absence of a quotation, prices subject to single glazed - 
change without notice. 68 double glazed • 
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iSLAR GOLLEOTOEl 
TEST REroST 


Solar Collector 
Test Report 


Model: SOS "Standard" 


Solar Development, Inc. 
4180 Westroads Drive 
West Palm Beach, FL 33407 


FLORIDA SOLAR ENERGY CENTER 
RESEARCH DEVELOPMENT AND 
DEMONSTRATION DIVISION 
300 STATE ROAD 401 
CAPE CANAVERAL. FLORIDA 32920 





SUMMflRV INFORMRTION SH€6T 

FLORIDA SOLAR ENERGY CENTER 

300 STATE ROAD 401, CAfE CANAVERAL. F LORIDA 37970. (3041 T830300 

fSEC 177078 


MANUFACTURER 



Collector Model 

Solar Development, Inc. 

aion 1 1^,- A 

SD5 "Standard^ 


West Palm Beach, FL 33407 


This lalar ooHactor wit trft«d by tht Florida Solar Energy Center (FSEC) in accordance with pieicnbed methods and was 
found to rmet the mirYimum standards established by FSEC. The purpose of the tests is to verify initial performance condi* 
tioni and quality of construction only. The resulting certification is not a guarantee of long ttrm performarsct or durability. 


Gross Length 


3.062 meters 

10.05 feel 

Gross Width 


1 .235 meters 

4.05 feet 

Gross Depth 


0.093 meters 

0.31 feet 

Gross Area 


3.782 square meters 

40.70 square feet 

Transparent Frontal Area 


3.545 square meters 

38.16 square feet 

Volumetric Capacity 


5.1 liters 

1.35 gallons 

Weight (empty) 


44.4 kilograms 

97.9 pounds 

Number of Cover Plates 


One 


F'ow Pattern 


Serpentine 


Efficiency Equations First Order ij ■ 

64.1 

- 632.6 (Ti-Ta)/I 


Second Order ij ■ 

61.9 

- 427.2 (Ti-Ta)/I - 2699,1 

(Ti-Ta)/I^ 

Tested per ASHRAE 93-77 


Units of Ti-Ta/I 

are ®C/Watt/m^ 


MATERIALS 


Enclosure Aluminum frdnw? 

Glaring Kalwall Sun-Litc Pri'inium II (fiberglass reinforced plastic) 
Absorber Formed copper fin bondeo to copper tube, black paint 
Insulation Celotcx Thermax (polylsocyanurate ?.64 cm) 


RATING 

The collector has been rated for energy output on measured performance and an assumed standard day. Total solar energy 
available for the sttrsdard day is b045 watt hour/m^ (IbOO BTU/ft^) distributed over a 10 hour period. 

Output energy ratings for this collector based on the sec\>rYd onfer efficiency curve are; 


Collector Temperature 


Energy Output 


Low Temperature, 35®C (95® F) 
Intermediate Temperature, bO®C (]22®F| 
High Temperature, KX)®C (2i2^F) 


38.600 Kiloioule$/day 36.600 BTU/day 

28.600 Kilo|oules/day 27.100 BTU/day 

3.200 Kilo)oules/day 3.100 BTU/day 
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1. COLLECTOR DESCRIPTION 


DWGINAIi PAGE IS 

OP POOR QUAUl^ 


1 . 1 Collector Identificatio n 
Manufacturer and Address: 

Solar Development, Inc. 

4180 Westroads Drive 
West Palm Beach, FL 33407 

Collector Model Number: 

SD5 "Standard" 

1 . 2 Collector Construction 

Overall Dimensions: 

Length: 3.062 m 

Width: 1.235 m 

Depth: 0.093 m 

2 

Overall Front Area: (length x width) - 3.782 m 

Height of outlet above inlet when collector tilt is 90°: 1.045 m 

Glazing: 

Material: Kalwall 

Thickness: 0.064 cm (0.025 inch) 

Transmittance*: 88i 

No. of Cover Plates: One 

Transparent Frontal Dimensions: 

Length: 3.00/ m 

Width: 1.179 m 

2 

Area : 3.545 m 

Absorber: 

Material: Copper alloy 110 

Length: 2.997 m 

Width: 1.194 m 

Area: 3.578 m^ 

Absorber Coating: Black paint by Cypress Coatings 

Absorptivity*: Unknown 

Emissivity*: Unknown 
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Air Spacing Glaring to Absorber: Approx. 4.5 cm 

Insulation: 

Type: Cellotex Thermex 

Dimensions: 2.54 cm 

K-Factor*: 0.02 Watts/m °C (0.13 Btu/hr-ft^-°F/in) 

Heat Transfer Fluid: 

Material: Water 

Density: 977.81 kg/m^ at 70°C 

Specific Heat: 4189.6 J/kg °C at 70°C 

Collector Weight: 44.4 kg 

2 

Collector Weight/Area: 11.7 kg/m 

Collector Fluid Capacity: 5.1 liters 

2 

Collector Fluid Capacity/Area: 1.35 liters/m 

Normal Operating Temperature Range: 24°C to 93°C 

Manufacturers Recommended Fluid Flow Rate: 2.8 liters/min (0.75 GPM) 

Manufacturers Recommended Maximum Operating Pressure: 276 kilopascals (40 psig) 
tested to 1103 (160 psig) 

Cover Plate Wind Load Maximum: 1436 Pascals (30 psf) 


•Information provided by manufacturer ; not verified by FSEC. 
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2. RESULTS 


2. 1 Introduction 

Results of the thermal performance tests are presented in graphical and 
tabular form. The first graph shows the efficiency plot in the International 
System of Units (Metric units). Following this is a comparison of the collec 
tor efficiency before and after exposure testing. Finally, t.he tabulated dita 
ie presented. The performance graphs and the tabulated data are also presented 
in Section 2.6 in English units of measure. 

2.2 Explanation of Re s ults 

The Solar Development, Inc. model SOS "Standard** solar collecto* was tested 
for time constant and thermal performance. The time constant was found to be 

1.3 minutes. A thermal performance test was conducted during the period from 
12 February to 14 February 1978. An incident angle modifier test will be con- 
ducted. After these tests were completed the collector was filled with water, 
capped with a pressure relief valve set at 414 kPa and placed on an exposure 
rack for a period of 40 days. During this period there were at least thirty 

days on with the total daily insolation was greater than 4730 watt-hours per 

2 

square meter (1500 Btu/ft ) and at least one day on which there was a four- 
hour period with a minimum insolation level of 1013 watts per square meter 

O 

(321 Btu/hr-ft ). During the exposure test the collector rack was adjusted to 
keep the angle between the incoming solar radiation and a normal to the collec- 
tor surface less than five degrees at solar noon. On three of the last ten days 
of exposure, the collector was sprayed with water to simulate rain. A second 
thermal performance test was conducted during the period 21 April to 25 April 
1978. 

The second performance test revealed a slight decrease in performance, but 
within the required limits. After all the tests had been completed, the collec- 
tor was disassembled and inspected. The inspection revealed minor outgassing 
deposits around the perimeter of the inside surface of the cover plate. No 
other evidence of deterioration was found. 
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THERMAL PERFORMANCE 
SOLAR DEVELOPMENT SD5 “Standard” 
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BTU/hour-square foot) 

Percent of the incoming radiation that was diffuse 


Temperature difference between the inlet fluid tempera- 
ture and ambient air (°C or °F) 


Notes: 

1. The test number is simply a number assigned for use by FSEC 

2. Stars indicate that no data was taken on the indicated parameter 
during that test. 

3. The data presented in the test report best represent the performance 
of the collector during testing. The actual data points were chosen 
to be at the temperatures recommended by ASHRAE. 
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2.4 Results of Static Tons OE POOR QUALITY, 

2.4.1 Pressure Test 

Date of Test: 10 December 1977 

Static Test Pressure: 1103 kilopascals (160 psig) 

Duration of Test: 15 minutes 

2.4.2 Pressure Drop Test 

Date of Test: 23 April 1978 

Air Temperature: 25.6°C (78.1^F) 

Inlet Temperature; 27.1°C (80.7°F) 

Flow Rate: 4.24 L/min (1.12 GPM) 

Inlet Pressure: 142.6 kPa (20.7 psig) 

Pressure Drop: 8.00 kPa (1.16 psi) 

2.4.3 Exposure Test 

Start Date; 25 February 1978 
Completion Date: 6 April 1978 

Mo. of Days of Exposure: 40 

No. of Days of Exposure when insolation exceeded 
4730 watts/m2 (1500 BTU/ft^): 30 

Pressure Relief Setting: 414 kPa (60 psig) 

Spray Tests: 

Dates: 30 March 02 April 03 April 1.978 

Insolation: 946 Watts/m^ » 1060 Watts/m^~ 996 Watts/m^ - 

(300 Btu/hr-fr) (336 Btu/hr-fr) (316 Btu/hr-ft'^- 

2.4.4 Inspection Results: 

Cover Plate: a minor amount of outgassing deposit was detected 

around the perimeter of the inside surface of the cover plate. 
Absorber Plate:, No evidence of deterioration 

Absorptive Coating: No evidence of deterioration 
Collector Enclosure: No evidence of deterioration 

Insulation: No evidence of deterioration 

Gaskets, Caulking & 

Sealants: No evidence of deterioration 



2.3 Computer Printout Key 


TEST 

DATE 

SOLAR TIME 

TA 

TI 

TE 

FLOW 
AVE IN 
TOTAL IN 

DEL T 

EFFIC 

(TI-TA)/I 

TILT 

AZIM 

INCI 

MASS 

SPEC HEAT 
IN P 


Number assigned to the data for a particular test 
Date on which the test was performed 
Solar time at the start and finish of the test 
Ambient air temperature (°C or °F) 

Temperature of the transfer fluid at the collector inlet 
(OC or OF) 

Temperature of the transfer fluid at the collector exit 
(OC or tf) 

Volumetric flow rate of the transfer fluid (liters/minute 
or gallons/minute) 

Average instantaneous insolation (watts/square meter or 
BTU/hour-square foot) 

Total (integrated) insolation in the plane of the collector 
during the test period (joules/square meter or BTU/square 
foot) 

Total (integrated) temperature rise across the collector 
during the test period (degree centrigrade minutes or de- 
gree Fahrenheit minutes) 

Calculated collector efficiency for the test period (percent) 

Value calculated for the abcissa of the efficiency graph 
I = average instantaneous insolation. (^C - square meter/ 
watt or °F - hour - square foot/BTU) 

Angle which the collector was tilted from the horizontal 
(degrees) 

Collector azimuth angle (degrees \ ' n due south; east posi- 
tive) 

« 

Angle between the incoming radiation and a normal to the 
collector surface (degrees) 

Mass flow rate of the transfer fluid (kilograms/second or 
pounds mass/minutc) 

Specific heat of fhr trar.sfer fluid (joules/kilogram - 
or BTU/pound mass - °F) 

Gage pressure at the collector inlet (ki loNewtons/square 
meter or pounds/square inch) 


80 
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2 . 5 Exp 1 ana 1 1 on of E f f icic ncy Curvi* 

The test data is presented in tabular form and as an efficiency curve. 

The efficiency curve is based on the following equation: 

where: 

^ • collector efficiency 

Fjj ■ heat removal factor 

(Ta)p ■ effective transmissivity-absorptivity product 
■ over-all heat loss coefficient 
T^ » transfer fluid temperature at the collector inlet 
T « ambient air temperature 

A 

I * instantaneous level of solar radiation 

The standard form of the equation of a straight line is: 

Y “ b ♦ mX 

where; 

b * Y axis intercept 
m * slope 

from these two equations it can be seen that a straight line should 
result if a plot of efficiency versus the quantity ^i - ^a is made and if 

T 

the slope and intercept functions can be assuim’d constant. It then becomes 
apparent that the slope of the line is a function of the over-all heat loss 
coefficient and the Y axis intercept is a functiofi of the transmissivity of 
the cover plate(s) and the absorpt.vity of the absorber plate(s). In reality, 
however, is not constant under the test conditions since it varies with 
the temperature of the collector and ambient weather conditions. Therefore 
a second order curve is used to describe the thermal pt*rfoniiance of the col- 
lector. That is; 

Y ’ c ♦ bX ♦ aX^ 

The intercept is still related io {ia)(. and the slope at any point on the 
curve is proportional to the heat loss rate for that value of -_^.a. 


HI 


2.6 Performance Test Results, English Units 


Following Is a repetition of the thermal performance curve. 
Although Identical to the previous graph (see Sec. 2.1) In content 
this graph and computer printout Is presented In English units. 


H2 


n~T I 1 r~T~i 


f 


I , a , U I 




The efficiency curve dous not give absolute values for the overall h«\U 
loss coefficient and (la)^ since both are multiplied by the factor 
However, the plot does indicate relative values for these two quantities 
that can be used for comparing collectors. Oeterrination of the absolute 
values of (tp)^ and would require additional measurements beyond the 
tests performed. 

T J 

The X quantity, * i ~ a , can be determined from measurements ma»le 

I 

during testing. The collector efficiency can be calculated from the follow- 
ing equation: 


where: 

m • 

Cp - 
/ATdt • 

A ■ 
■ 

/Idt 


n * tn f A T dt 
" a f I dt " 


mass flow rate of the transfer fluid 


specific heat of the transfer fluid 

integrated (total) temperature rise across the collector 


gross frontal area 

integrated (total) solar radiation received by the collector 
during the test. 


i 

I 


The data is collected during a scries of test runs, fach data point, 

represented as a plus sign on the efficiency plot, is the result of a 

test run, the exact length of the run being determined by the collector 

time constant. The line drawn on the plot is a second order least squares 

curve fit of the data points. 
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THERMAL PERFORMANCE 
SOLAR DEVELOPMENT SD5 "Standard 
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NUMBER 


CARTRIDGE TYPE IN-LINE PUMPS 


SUPERSEDES: NEW 


NOTE} T ACO Submittal Data * ricei 

so 300 1-5 

SD 300- 8 

SD 3C0 1 9 

SD 300 

a«e OBSOLE ^ 

E and art 

NO LONGEH 

VAL D 


1 

JOB: M A l> tr -4 a, C^OA-f^O A.A'Tf O 


1 




Date Submitted: Bv. 



PI 

pz 


Afc^^c. /^fOo 

/V<=> C>£TC. /C /cf 


SPECIFICATIONS: 

MOTORS 

1750 RPM. Three Phase 200V of 230/460V 60C 
Sleeve Bearing Motors Also available in Sirtglt 
Phase with overload protection except 3 HP 

BODY 

Cast Iron with flartged in-line connections. 
Companion flanges are included 

IMPELLER 

Cast Bronae. Closed. Dynamically Balanced 

DRIVE COUPLING 

Non Metallic / Vibration Dampening 

SHAFT 

Stainless Steel with Cupro-Nickel Sleeve 

FRAME 

Sleeve Bearing.Ouc Type, Oil lubricated RE- 
MOVABLE BEARING CARTRIDGE FITS ALL 
MODELS. Dip Stick to measure oil level 

MECHANICAL SEAL 

Standard-250^F Operating Temp 


WORKiNG PRESSURE 

176 PSI ..in accordarKt with ASA 616 1 

NOTE ; F lanqes art tapped for gauges 


FLOW: 0 t'i» L J L.. 


MOTOR DATA 


D MhNSIONS 


SIZES & DIMENSIONS: 


Taco Heatersof Canada. Ltd 
3090 Lenworth Drive 
Mississauga. Ontario 


MODEL 1^*9 I r 

NO Isizei HP 60 Hal Phi 


60 Ha 3 Ph 


NOT AVAILABLE 


200 or 230/460 


115/230 


A B 

C 

1 

D ' 

in ir> 

10 % 

1 

19 16’ 

:o% 


71 nr 

13VV 

t6H, 

21% ! 19 

13% 

IGtti 

22 19 

14% 

V/Hi 

21% IB 

13% 

lettii 

27 18% 

13% 


2?V, 19 

13% 

1 16% 

74 Y 21 

16% j 

19% 

?f)V. 73 


19% 


Taco. Inc* 1160 Cranston Street. Cranston. Rhode Island 02920 U S A. 

printed in U.S.A. 
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Magnetic drive, with no trouble^ 
some shaft seals is uniquelyj^ 
energy coriscious, convert i^-^^ 
full motor horsepower tn\^^ 
pumping pov^cr. The 
hp motor draws oMy r^’^mp j 

costs less to operateTfian a m 
40 watt tight bulb. And since ^ 
there's no shaft seal, there’s no 
seal wear, no seal leakage . . . 
ever! 

Dynamically balanced magnets 
combined with micro-balanced 
motor fan assures extremely 
quiet operation. Bronze head 
resists rust and foreign deposit 
build up. The compact 809 
weighs just over four pounds 
and is easily installed either 
vertically or horizontally. 

March solar energy pumps are 
designed for commercial srrvice 
as well ;?s rt i.idential applica- 
tions. In addition to the 3 gpin 
model : hr»wn, others are avail 
able with capacities to 22 ^prn 
and heads to 45 feet. For 
special applications requiring 
design assistance, contact the 
March corporate office. 
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MAGNETIC DRIVE 

March's proven magnetic drive eliminates the 
troublesome, old-fashioned shaft seal. There 
can be no seal wear, 

power-robbing friction 'iTlT 

or leakage thru the \ T 

seal. Impeller and drive 1 

ma mets are perman- i ^ j li i J 

ent -eramic type. They * ' EaKl itl^ 

prev -nt slippage and “"’‘'"p j'i P ^ '' *4" 

insure that full motor » 'tjj 

horsepower is con- ^ 

verted into pumping ; ' L. __ 

power. Energy require VNr » / 

merits are lowered as 

all the energy produced by the motor Is utilized, 
especially important in solar systems. March 
seal-lei.s drive also provides for faster, easier 
motor service, as the motor can be removed 
without draining, refilling and reheating the 
system. 

SPECIFICATIONS 


PERFORMANCE 

4-P 


3600RPM MOtOH 


<2 3 4 6 7 

U S GALLON PLK MINUTE 


1 


1 f*, , 

80*:- > 

1 nwi >4 


41 

1 

1 

f 8 -HS 
! _ 

x»m 

ltd 

:pi 


Model 8cT 

The ofif. \l tr'tir energy ctrculoti. g p» ^ "v 

M )del809 HS 

3S00 HPM m« * f* ilrr^rst the cap/iclly end 
nearly Ihrc, tirn»« the head 


! 


3fi or 

I 

1 Sirjif 

i 

24 

26 

4 . lbs ' 
» 


i 


1 Smqle 

80 

1 Of 

8 0lbt. 

s 


! 6 

1 . 
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Model 809 DF 

DufI far>s tc> quiot, cool operation In ploted in or hot 
pfifonments 

Model 609 DF-24 

As above except 24 volt version. 


Higher capacity models are also available. Contact 
March or nearest March distributer for details. 


hMARlM 


1819 PICKWICK AVt NUL 
GLLNVILW, lj.LtNOIS‘.i 0025 

^ MANUFACTURING CO. INC ( 312 J / 29 S 300 TtLCX 724378 
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r 55? SERIES 

HIGH CAPACITY REVERSIBLE MOTOR OPERATED VALVES 


Sarvica 

PcKt Cv Optional 
Factor Equipmanl 
(Based on (Sea 
U S oal ) Below) 


Valva Porii Siia 


Pipa Connaclions and Diamalari 
(Threaded Valve Connechoni are NPT 
Conduit Connector It 1 2 STO) 


Service 
Modal ErsdB 


Steam and hot water vatvai 


562BR3402 

552BH3403 


Thf new 652 at, \ high capacity valva 
it motor drivan to both tha open and tha v io»<Kt 
position it II datignad for both ch>‘iad waiar 
arvd hot watc on iarga* tan coil applications 


CYCLE TIME 


Tha manual lava< 'i sail unlock 'vg upon 
«ig ration of tha opening coil 


2 wav — 18 tacondt 

3 wav “ 24 seconds 


"BR" SERIES 

REVERSIBLE MOTOR OPERATED VALVES FOR HEATING AND COOLING 
FAN COIL APPLICATION 


DESIGMEO TO OPERATE ON HIGH DIFFERENTIAL APPLICATIONS 


Valve Ports S»re 


Pipe Connections and Diameters 
(Threaded Valve Connections a»e NPT 
Conduit Connector IS 1 2 STO) 


1/2“ Pipe Thread T ermele 
1/2“ Pipe Thread Female 
450 (SAE) Inverted Flare 

1/2“ Copper (5 a ' O O ) 
45^ ISAE) Inverted Flare 

1/2“ Capper (5/8 O O ) 
3/4“ Pipe Thread Female 
3 / 4 “ Pipe Thread Female 
5/8“ 0.0 Sweat 
5/8“ 0 0 Sweat 
7/8“ 0 0 Sweat 
7/8“ O O Sweat 


Si'Tia as above except first number after 

example 681HR407 

Sea page four for 400 type specif irations 


ORDERING EXAMPLE 


Optional Equrpmant 


AUXILIARY SWITCH 


Salaci powar reiturramani from tabla halow 
eritar suffix symbol when ordarmg 

2e Volt 50 60 Cv . (6 5 Watts) Suffix A 

120 Volt 50 60 Cv , (5 5 Watts) Suffix 8 

240 Volt, 50'60 Cv . 15 5 Waiiil Suffix C 

(athar rriotor anar gi rat lons availatila at 
#x i a charge ) 


A standard 18 ' laad •• supplied 
with alt valval i aart terigths 
othar than 18 ‘ can ba supplied 
Valves ordarad with auxiliary 
saa>ad swdi has only ava>'abla 
wth 18 ‘ laads 


208 Volt 50-60 Cv 
208 2J0 VoM. 50- 60 Cy 
277 Volt. 50-60 Cv 
24 Volt. 50 Cv 
125 Volt, 50 Cv 
240 VoM 50 Cv 
208 Volt. 50 Cv 
100 Volt 50/60 Cv 
200 Volt 50 60 Cv 
220 Volt. 50 Cv 


STRAP 16J 
SUMMf H V AT R 
CHANGE: 


Two Wira Control 
Pack aga And F n 
captulated t nd 
Switch 


«S4 BH JOf taeo description S/t ’ O O sweat valve, three wav. 120 VOLT. IL" LEADS 


as Number Add lattars and numbers denoting { aad Length 


Power rariuiramenis and Optional Equipment at shown above 








MOTORThOLS 

*'BR‘*3ERIES 

55i! SERIES 


MEASUREMENT 


CENTIMETERS 

INCHES 


CENTIMETERS 

INCHES 
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G 

i 

1 L 

Tfi 

1 4 

?'h 
1 0 

9 0^ 
35 

3 6 
1 4 

3 1 

u J 

12 0 
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Diagram No i R«vrr»'bl«» motor valv4*» 652 arnf 
HR" S»r.*»% wvtth t4mp«ratur« 
ft««n%)ng twitch contiant 

powar tuppiy 


Diagram No 2 

Rifv^rttblv it^Otor valvat 662 and 
HR" S«»f '«•% With J w ■ a tharmostat 


Diagram No. 3 Ravarpt>»a motor vaK #»« 6S2 ar>d 
HR rat w ith 3 w ira iha* 

ar»d ar^d switch 


INVEHYED FLARE TYPE CONNECTIONS 
FOR USE WITH 687 "HR SERIES VALVES 

'.j 'j ''V 

^ n rl (1 ^ 

ABC DC 

VALVr BODY MACHINCD TO RFCEIVt ANY OF THCSC FITTINGS 


A. Inverti’d flcire nut and ellK^w assfmhlv, femaltv tor 5 8" O D tuhmg 
Part No 4J6A214 1 Length of fitting 15 16". 

B Inverted flare nut and Ciuiphny assembly, female, fo» 5 8" O D tuhmg 
Part No 436A220 Lertgth of fitting 1 11 16" 


Diagram No 4 Ravartib'a motor vaUac 562 and 
HR Srr:at hav ''g two wira 
contri'i ot*t»on Matuiirat contlant 

P«Tw'' %..pi>ly 


C. Inverted flare nut 4issembly, female, for 5/8" to 7/t" O 0 tutting 
Part No 43LA252 I enyth of fittmg 1 27/32". 


D Inverted flare nut and nipple assemh'y. fatale, tor 5 '8" O D tubing 
Part No 43GA229 3. Length of fittii'g 3". 

E Inverted flare nut and elbow assembly, male, for 5/8" O D. tubing 
Part No 436A214 4 Length of fitting 1 15. 16" 

Fits direc tly to shut off valve 






















Engineering and Installation reference notes 
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K)0% SOLID STATE 

DIFFERENTIAL TEMPERATURE CONTROLS 
FOR YOUR SOLAR SYSTEMS 


A OOMTlCIf »AMllV Of VlfISAIIil. HIGM QUAUTV COffTROiLERS WHICH PROVIOC A 
cost IfffCIIVC SVSffM COMRONfffT fOR VIRTUALLY EVERY AfYUCATKM 
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URE CONTROLS FOR YOUR SOLAR SYSTEMS 
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Itses house heating boiler to piovirie 
plenty of hot water for all family neeifs. 


FEATURING: 
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